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ABSTBACT 

Eighteen retarded Ss (aean IQ 50 and aean age 
years), and 18 nbrial Ss (aean IQ 100 and aean age 7 yeara^ 
participated in a study to isolate variables that differentially 
control discriaination learning and retention processes, and to 
evaluate contrasting theories on discriai nation learning and lenory 
processes of retarded and noraal ciiildren. The experiaental design 
contained the following six independent variables: IQ groups 
(retardates vs. noraal Ss) , retention intervals (seconds vs. hours) ^ 
kinds of test probleas (ne>i vs. old), sources of interference 
(proactive vs. retroactive), typas of interfering discriaination (nev 
vs. old), and Ss. The dependent variable in all conditions tras the 
S*s response (on a discriaination test trial) expressed in teras of 
either percentage of correct responses or retention loss score in 
each level of the factorial experiaent. Acquisition data shovi^d that 
retarded Ss vere slightly but significantly slower learners than 
noraal Ss and required aore trials to reach criterion pn interference 
free discriaination probleas. Betention data showed that retarded Ss 
had only a slight overall retention deficit coq^pared to noraal Ss, 
and that both groups displayed greatest retention loss on new test 
probleas, long retention intervals, and interference conditions 
(retroactive conditions for the retarded Ss and proactive conditions 
for the noraal Ss) . The results indicated a dual aeaory process of 
retarded and noraal children and therefore supported H. Ellis's 1970 
Priaary and Secondary Heaory Theory and the data of D. Zea%an*8 1973 
Attention-Betent] on Theory. . (Author/HC) 
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Abstract 

The objectives of this developmental study were to: first, isolate a set of variables 
that differentially control discrimination learning and retention processes of retarded and 
normal children; second, to evaluate contrasting theoretical positions regarding discrimination 
learning and memory processes of retarded and norma! children. To accomplish these objec- 
tives the experimental design included six factors or independent variables. 

The major independent variables were IQ Groups (retardates vs. normals). Retention 
Intervals (seconds vs. hours), Kinds of Test Problems (nev/ vs. old). Sources of Interference 
(proactive vs« retroactive). Types of Interfering Discriminations (new vs. old), and Subjects. 
These variables were arranged ina2X2X2X2X2X9 factorial design. 

The dependent variable in all conditiv-^ns was S's response, either correct or incorrect 
on a discrimination test trial. This major dependent variable was expressed either in terms 
of Percentage Correct Responses or in terms of a Retention Loss Score in each of the levels 
of the factorial experiment* 

The acquisition data showed retardates as slightly but significantly slower learners than 
normals. On interference free discrimination problems, it took retorded children more trials 
to reach criterion than it did for normal children. In fact, the retardate vs« normal difference 
in learning was reliably established on the second discrimination trial. This difference in 
performance occurred in spite of considerable pretrolning and consecutive similar problems 
which insured children's attentional responses. 

The retention data demonstrated reliable differences in the memory processes of retarded 
and normal children* While retardates showed only a slight overall retention deficit when 
compered to normal children, the differences between the two groups were large and reliable 
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under conditions of new test problems, long retention Intervals and proactive vs. retroacti 
Interference. Retorded children showed greatest retention loss on new test problems, long 
retehtlon Intervals and retroactive interference conditions. In contrast, normal chlldr 
showed greatest retention loss on new test problems, long retention intervals and proacti 
Interference conditions. Overall the data supported specific retardate memory deficits. The 
results Indicated a dual memory process of retorded and normal children and therefore supported 
en is' (1970) Primary and Secondary Memory Theory, but the data fit best the Fisher and 
Zeaman (1973) Attention-Retention Theory of leorning and memory. 
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Introduction - Problem end Objectives 

The concenrj with discrimination leorning and the effects of interference on the retention 
processes of retarded and normal children has generated a number of unresolved Issues. H*H* 
Spitz (1963) cites evidence and theory which indicate associative or learning differences 
between retarded and normal children, and he makes the assumption that both groups of Indi- 
viduals have comparable memory processes* In contrast, N.R, Ellis (1943) presents o theory 
and research which suggest that retardates, as compared to normals, have a short-term retention 
dftflcit. Some research and theories (Melton, 1963; Postman, 1963; 1961) indicate a single- 
process memory* Here, the same mechanism and constructs are used to account for short- 
term retention data (seconds) and for data from long-term retention studies (hours or days)* 
In contrast, other theories and research (Hebb, 1949; Broadbent, 1958; Ellis, 1970; Fisher 
and Zeaman, 1973) support the view of a dual-process memory* The dualistic modi* 1$ postulate 
a separate short-term memory process (seconds) and long-term memory process (hours or days)* 

One of the major reasons for such controversies is the Incomplete identification of vari- 
ables that effect learning and memory* Three dosses of variables are likely to produce 
forgetting* 

First , variations introduced before the presentation of o test problem (prooctive materiols) 
are currently considered an important cause of differential retention (Underwood, 1957; 
Postman, 1961)* The degree of training on the proactive material is a specific variable which 
may control forgetting, A number of long-term memory studies with verbal materials and 
nonnal subjects have investigated this relationship (Waters, 1942; Underwood, 1949; Postman 
and Riley, 1959)* These studies indicate that increments In the degree of proactive training 
produce recall decrement when reliable retention loss is achieved from the proactive materio!. 
However,at least two studies (Knight, 1968; McBane and Zeaman, 1970) with retarded 
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chMdren showed decreased Interference with well learned proacting Items, Unfortunately/ 
studies are not available for discrimination learning tasks with normal or retarded subjects. 

Second, variations of the acquisition or task variable Influence memory (Hovland, 1958)* 
One such variable Is the degree of training on the test problem. Increasing degrees of train- 
ing on the test problem tend to facilitate retention (Briggs, 1957; Postman, and Riley, 1959; 
Richardson, 1956; Garscof, 1966). Four retardate vs. normal comparison experiments (Heber 
et ol , 1962; O'Connor and Hermelm, 1963; Vergason, 1964; Lance, 1965) consider the re- 
tention effects from varied degrees of original learning. All but one of these studies (O'Connor 
and Hermelin, 1963) indicate that retention of the test problem is directly proportional to 
the degree of original learning, although the reported retardate-normal long-term memory 
differences are questionable (Belmont, 1966). Short-term memory studies have similar out- 
comes to those of long-tenm memory data (Peterson and Peterson, 1959; Hellyer, 1962). One 
short-term memory experiment involving degrees of original learning with retarded subjects 
(Kllnman, 1964) shows ambiguous results. Another short-term memory study with retardates 
showed better retention with increasing item strength (Stukuls, 1968). There appear to be 
no retardate-normal comparison studies with respect to this variable* 

Third , retention loss can be controlled by variations In the material presented after the 
learning task but before Its recall (retroactive materials). A voriable in this class which has a 
differential retention effect Is the degree of training of the retroactive material . The major- 
ity of research indicates that with Increasing degrees of retroactive training there occur 
decreasing retention of the test problems (Melton, 1941; Thune and Underwood, 1943; Archer 
and Underwood, 1951; Richardson, 1956; Briggs, 1957} Postman and Riley, 1959). The two 
available short-term memory studies with retardates (Kllnman, 1964; Stukuls, 1968) report 
data which are in conflict with the long-term retention results, and there are no published 
Q retordate-nonmal comparison studies regarding this variable. 
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This brief review of the literature identifies some of the problems related to the process 
of memory and points toward the necessity of additional research. The current project is 
designed to occompllsh the following objectives. The first objective is to determine if 
varied degrees of training on the proactive material/ task material and retrooctive material 
differentially control discrimination learning and retention processes. Second / is there a 
reliable difference between retarded and normal children regarding learning and memory 
processes? The third objective is to evaluate contrasting theoretical positions regarding 
discriminotion learning and memory processes of retarded and normal children. The experi- 
mental results are expected to confirm Ellis' (1963) postulated retardate memory deficit and 
support Ellis' (1970) and Fisher-Zeaman (1973) dual-process theories of memory. 

Description of Activities 

Subjects - The project involved a group of 18 retarded children and another group of 
18 nonmal children. The retorded children's mean IQ was 50/ their mean MA was 7.0 yrs./ 
and their mean CA was 14.1 yrs. The normal children's mean IQ was Ci^lOO; their mean MA 
was ^7,0 yrs; and their mean CAv/as 7.4 yrs. 

Of the eighteen retarded children/ nine participated in the short-term memory study 
(mean IQ = 48; mean MA = 7.1 yrs.; and mean CA == 14,9 yrs.) and the other nine parti- 
cipoted in the long-term memory study (mean IQ = 52; mean AAA =6.9 yrs.; and mean CA = 
13.3 yrs.). In a similar manner nine normal children participated in the short-term memory 
study (mean IQ 100; and mean CA = 7.3 yrs.) and the other nine participated In the long- 
term memory study (mean IQ n/100; and mean CA = 7.5 yrs.). 

Looking at the characteristics of these groups It becomes apparent that the retarded 
children had lower intelligence quotients and higher chronological ages when compared to 
their counterpart normal children's groups. Hence the four groups were closely matched 
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on their Intelligence or mental age scores. The control for other subject variables^ such as 
grade standing and socio-economic level was only approximate to the degree that all children 
were selected from the first 9 grades of public schools In the Cortland, Syracuse, Rome region 
of New York State, Although subjects were chosen without regard to their diagnostic cate- 
gory or previous experience, they had to be ambulatory and without obvious visual-motor 
defects. 

Stimuli and Apparatus - The pretraining stimuli were two pairs of "junk objects" (e.g,, 
a soapdish and a toy hat) and two pairs of "junk pictures" (e*g,, magazfi^e cut-outs of a 
car and a house) pasted on 3 1/2" X 3 1/2" cardboard bases. The stimuli for the main 
experiment were 36 pairs of unique form-relevant orange patterns (T/O^^' O/^etc,), 
Using templates the patterns were each sprayed with orange enamel on 3 1/2" X 3 1/2" 
white cardboord bases and then covered with clear acrylic, 

A modified Wisconsin General Test Apparatus was used throughout the experiment 
(Zeaman and House, 1963), The apporatus included a table and two chairs, with the 
experimenter (E) and the subject (S) sitting on opposite sides of the table and a one-way 
screened partition seporating them. Below the screened partition there was a 30" X 12" 
sliding tray with two food wells (each 2 1/2" in diameter and 3/4" deep) embedded 12" 
(center to center) apart. The troy was Invisible to the Ss In its retracted position. The E 
baited one food well with an M & M candy and then covered both wells with stimulu The 
tray was pushed forv/ard to begin a discrimination trial* 

Procedu re - In all cases Ss were brought individually to an isolated experimental room 
and they were seated in front of the discrimination apparatus. Behind a one-woy screen of 
the apparatus, the E bolted one food welt of the stimulus troy with an M & M candy and covered 
both with stimuli. The stimulus tray was then pushed forward to begin a discrimination trial • 
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the only thstrucHohs the S were: "See if you can find o candy under one of the objects. " 
A dUcrlrhlnoHon trial was tenrilnoted after the Ss picked up one of the stimuli and E retracted 
the stimulus troy behind the one-way screen. 

In the pretrolning program Ss learned four unique discriminations, A ''junk object" 
discrimination (e.g. a soap dish vs. a toy hot) was learned as the first and second problem 
ond a "junk pattern" discrimination (e.g. a magazine out*out of a car vs. a house) was 
(eorned as the third and fourth pretrotnlng problem. Each of these problems were given on 
separate days and each consisted of twenty-five discrimination trials. The right or left 
position of reward was determined by a Gellermon (1933) series. Correction procedure 
("see If you con find a candy under the other object'^) was used on the first two pretraining 
problems but it was changed to o non-correction procedure on all subsequent discriminations. 
The passing criterion for each problem was 20/25 correct responses and Ss who foiled to 
reach criterion Were (propped from the experiment. All Ss who successfully completed pre- 
training participated In thirty-two dally sessions of the main experiment. A dally session 
consisted of one experimental test problem followed by none, one or two unique, twenty- 
five trial/ form problems^ These twenty-five trial problems were used on some following 
days as the "old" or well-learned discrimination test problems. Ss performed on these 
problems until they reoched a criterion of ten consecutive correct responses. 

Design - The experimental design consisted of six independent variables ond one major 
dependent voriable. The independent variables were IQ Groups (retardotes vs. normals). 
Retention Intervals (seconds vs. hours). Kinds of Test Problems (new vs. old), Sources of 
Interference (proactive vs. retroactive). Types of Interfering Discriminations (new vs. old) 
and Subjects. These variables were arranged In a2X2X2X 2X2X9 factorial design. 
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The dependent variable tn all conditions was S's response^ either correct or Incorrect 
on o discrlmlnotlon test trial o This major dependent vorfable was expressed either in terms 
of o Retention Loss Score or In terms of Percentage Correct Responses In each of the levels 
of the fa ctorta) experiment « * 

The experimental problems and their arrangements ore presented in Table 1 # The sequences 
of problems on consecutive days are presented }n Table 2« Every subject received all thirty- 
two experimental problems* 

Comment on Description of Activities - The entire project was conducted in two phases* 
The first phase (Summer & Winter of 1972) included one group of nine retarded children and 
one group of nine normal children who participated in the short-term retention interval 
(seconds) portion of the project. The second phase (Summer & Winter of 1973) included 
comparable groups of subjects, the some stimuli, opporotus and experimental design, but 
the retention interval wa$ of long--tem^ duration (hours). The subjects in this phase of the 
project were given the discrimination learning trials and then they were engoged in 1^4 
hour long experimentally irrelevant activity before returning for the retention test-trloK 
Occasionally the children could not be obtained for the delayed retention test in which 
case they were tested immediately the next morning. 
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Table I 

Arrangement of Experimental Problems 
n = new discrimination o = old discrimination 

A, C/ -/ S = unique discriminations 
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Table II 

Sequence of Experimental Problems 
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Results 

Learning Data - Retarded children learned more slowly than the normal children^ Re- 
tardate and normal children's learning Is pictorially presented fn Graph K The graph repre- 
sents children^ performance on Interference Free Discrimination Problems. These problems 
were the second daily well learned discriminations which subjects were given on some days/ 
and which were then used on the successive days as old discrimination test problems. Since 
these problems were preceded by another well learned discrimination the likelihood of pro- 
action was minimized (Scott, 1966; Knight, 1968; McBone and Zeanan, 1970) and since 
these problems were the last ones in a daily session, they could have no retroactive inter- 
ference effects. 

On these Interference Free Discrimination Problems, the mean number of trials to criterion 
learning for the retarded children was 22.9 trials and for the normal children the mean was 
7.2 trials. The 15.7 trial difference was highly significant (F = 8.70; df = 1/32; p< .01). 

Evidence for retarded vs. normal children^ slower learning appeared already on the 
second discrimination trial. On the same Interference Free Dlscrirnination Problems, the 
mean percent correct responses on the second discrimination trial by the retarded children 
was 81 percent and by the normal children It was 90 percent. The 9 percent difference was 
significant (F = 4.38; df = 1/32; p < .05). 

Retention - Rrst, the retention data were expressed as percent correct re^*ponses for 
each of the major independent variables of Groups, Retention Intervals, Kinds of Test Problems, 
Sources of Interference and Types of Interfering Problems. Performance on each of two levels 
of these five Independent variables may be seen In Figure 2. 

Second, the data were expressed In teims of corrected or pure retention loss scores. 
Retention loss has been. defined In terms of amount learned minus the omount recalled 
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(Underv/ood, 1963)o According!// the retention loss score for each subject and eoch of the 
conditions consisted of the percent correct responses on the second interference free learning 
trial minus the percent correct responses of the comparable retention test trIaL Retention 
loss scores for each of the major independent variables of Groups, Retention Intervals/ Kinds 
of Test Problems, Sources of interference and Types of Interfering Problems may be seen In 
Figure 3o These same retention loss scores were used for inferential statistical analysis as 
well as to depict InteracMons among variables* 

Main Effects - The first comparison (Figure 2A) represents normal vs. retardate children's 
differences in performance on the retention problems. Data In these comporisons were overoged 
over oil independent variables except the Groups variotfon. Although performance on the 
retention test trial was higher for the normal subjects (83% correct) as compared to the retarded 
sub[ects (72% correct) the 11 percent difference was not statistically significant (F < 1; df = 
1/32; p > JO), This non-significont difference becomes obvious In terms of the retention 
loss scores (Fig 3A)» Hence, when corrected for differences In learning, the normal children 
still remembered better (6,7% retention loss) when compored to recall pf retardates (8.1% 
retention loss), but the retention loss difference was obviously small (1 .4%) and unreliable. 
As It will become evident, the retarded children showed poorer retention than normal children 
but the difference was reliable only under specific variable combinations. 

The second comparison (Figure 2B) represents performance on rp*t?ntion tests under condl^ 
tions of short (seconds) vs. long (hours) Retention Intervals. Clearly, more was remembered 
after short retention intervals. Correct responses on retention tost trials ofter short retention 
intervals was at the 80 per cent level, but performance on comparable test problems after long 
retention intervals dropped to a low 74 per cent level. An analogous picture emerged with 
retention loss scores (Figure 36) where recall after short retention intervals showed a loss of 



PERCENT COKRECT 



o 
o 



o 



o 



O 

K 



o 



o 



f.i,r.i*«t>i>iiii/ 



O 

OS 




iiiniriiiiiritfira 



0 



O 



e 
o 



t 
o 



o 
o 



o 



o 

to 



o 



o 



I. 

s 



o 



ERIC 



I 

I 



Z 
O 



14 



.S 

■o 

. c 



2L I 



c 



8 

00 



t3 



o 



o 
u 

C 



o 
2 



Z 
O 



c 



CO 



? 
I 



c 
o 



t 

o 
to 



% RET E NTI ON LOSS 



Ul 



S 

Ul 

ca 
p 
a: 

0. 



CO 
a. 



c 



iiiiuiliiiitiMi 



[ 



I 



J 



ERIC 



o 



4) 



to 

B 
O 



i. 
O 



4) 

B 

O 



o 00 ^ ^ M o 
SS01 N011N313a % 



I 



Ul 

o 
z 

UJ 
Ul 



S 

1 



Ul 



2 
> 

Ul 



A. 
9 
O 

o 



15 

only .6% vs » on 11 *6% loss after long retention intervals. Both percentage differences 
(80% • 74% = 6% and 1 1 .6% --6% = 1 1%) were significant (F = 5,01; df = 1/32; p < .05); 

The third comporlson (Figure 2C) Involves evaluation of perfonmance jon old test problems 
(problems that had been well learned and then exposed once more for recall) vs. new test 
problems (problems that had been never learned and were exposed once for recall). As expected, 
old problems were recalled better (85% correct) than new problems (69% correct), with a 
difference of 16 percentage points. The some pattern emerged with the retention loss scores 
(Figure 3C). While performance on old test problems was even slightly higher than on Inter- 
ference free learning problems (hence negative 2.0% retention loss) the performance on new 
test problems showed a recall decrement (8.9% retention loss)/ with a difference of 10.9 
percentage points. The 16 and 10.9 per cent differences were highly reliable (F = 9^42; 
df =1/32; p< .001). 

The fourth comparison represents perfomiance under conditions of proactive and retro- 
active interference. See Figure 2D and 3D. Neither uncorrected nor corrected retention 
measures Indicated obvious visible nor reliable interference differences between the two 
conditions (F< 1; df = 1/32). 

The fifth main effect evaluation compares Types of Interfering Problems (See Figures 2E 
ond 3E). Old interfering problems did not produce as much retention loss (79% correct and 
6.0% loss) OS did new interfering problems (75% correct and 7.6% loss) but the differences 
were not statistically significant. 

Interaction s - First, retarded and normal children appeared to differ in retention under 
conditions of proactive ond retrooctive interference (See Figure 4). While proactive Inter- 
ference took an approximately equal toll of retardate and normal children's memory (7.1% 
loss vs. 8.2% loss), retroactive Interference produced considerably greater memory loss of 
retardates than normals (1 1 .4% loss vs. 6.9% loss). Although this Groups - by - Sources of 
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Interference InteracHon was considerable It did not reach the^ "= ,05 level of significance. 
The 4.3% difference between retardates' retention loss on proactive ond retroactive Intor** 
ference conditions approached significance (F = 3.25/ df = 1/16; p < •09). 

Second^ old interfering problems did most damage under conditions of proactive Inter- 
ference (11 .8% retention loss) and new interfering problems did most damage under retro- 
active interfering conditions (13,3% loss). This second order interaction may be seen In 
Figure 5* The sources of Interference - by - Types of Interfering Problems Interaction was 
highly reliable (F = 9.7; df ==V 32; p < .01). 

Third/ the data revealed an Important third order interaction. Groups - by - Kinds of 
Test Problems - by - Sources of Interference Interaction Is visible In Figure 6. While retarded 
children poorly recalled new test problems under conditions of proactive interference (12.5% 
loss), the normal children did even worse (19.0% loss) under the same conditions. In con- 
trast/ although normal children recoiled relotively poorly new test problems under conditions 
of retroactive interference (12.8% loss)/ the retarded children did even worse by demon- 
strating even greater retention loss (20.8% loss) under the same conditions. This Groups - 
by - Kinds of Test Problems - by - Sources of Interference InteracHon was significant (F = 
5^4; df = 1/32; p< .05). 

Fourth/ the results showed another significant third order Interaction. The Retention 
Intervals - by - Types of Interfering Problem - by - Sources of Interference Interaction is 
plotted in Figure 7. Clearly retention suffered under conditions of long retention Intervals/ 
new interfering problems and conditions of proactive Interference (7.3% retention loss), but 
retention was even worse with new interfering problems under conditions of retroactive inter- 
ference (19.1% loss). In contrast/ retention after long intervols was relatively poor with 
old interfering problems and retroactive interference (7.9% loss), but memory suffered even 
more with old interfering problems and proactive interference (23.9% retention loss). This 
Retention Intervals - by - Types of Interfering Problems - by - Sources of Interference inter- 
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acHon was significant (F = 4,3; df = 1/32; p < •05). 

Finally/ the data showed two critical fourth order Interactions* For sake of clorlty the 
visual plots of these Interactions were simplified and they Include only those levels of the 
variables that most clearly demonstrated the fourth order Interactions* Performance on short 
retention Intervals was omitted for simplicity of visual analysis* However/ a sutranalysis 
of the doto indicated that normal children showed less retention loss on short retention Inter** 
vols (2*7% loss) and more on long retention intervols (12»0% loss)/ the 9.3% retention loss 
difference was significant (F = 5 J; df = 1/16/ p < ,05). In controsti retarded children 
demonstrated a 3.3% retention loss on short retention Intervals and a 15,4% retention loss 
on long retention Intervals. But/ this larger 12.1% difference was not significant* In 
spite of the trend, due to large variance among retarded subjects the Groups - by - Retention 
Intervols Jnteroctlon wos not significant. 

Figure 8 visually demonstrates the Groups - by r Retention Intervals - by - Kinds of Test 
Problems - by - Sources of Interference interaction* Notice thot retarded children did 
relatively well on old test problems under conditions of retroactive Interference (4.5% loss). 
They demonstrated more retention loss under conditions of proactive Interference (16.6% and 
18*4% loss) and retardates did by far the worst on new test problems under conditions of retro- 
active interference (26.7% loss). But/ the opposite was true for normal children. They did 
best on old test problems under conditions of proactive interference (.3% loss). Furthermore/ 
nonmol children retained intermediate amounts under conditions of retroactive Interference 
(7.2% and 8*1% loss) and they did worst on new test problems under conditions of proactive 
Interference (32.2% loss). This fourth order interaction was highly reliable (F ^ 7.6; df - 
1/32; p<. 01). 

Figure 9 visually demonstrates Groups - by - Kinds of Test Problems - by - Types of 
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Figure 8 

RetenHon Loss by Normol and Retarded Children 
on New and Old Tesf Problems Under Conditions 
of Proactive and Retroactive Interference^ Each 
point on the graph represents 36 measures. 
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Figure 9 

Retention Loss by Nomial ond Retarded Children 
on New and Old Test Problems and New and Old 
Interfering Problems Under Conditfons of Proactive 
and Retroactive Interference* Each point on the 
groph represents 36 measures* 
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Interfering Problems - b/ • Sources of Interference Interaction. The conditions of old test 
problems and new interfering problems were omitted In the plot because there wos a similar 
trend demonstrated by retardates and normols on this voriable combination. Looking at Figure 
9, notice that retardates showed no retention loss on old test problems with old interfering 
problems under conditions of retroaction 5.1% loss). Retardates demonstrated Intermediate 
levels of retention loss under conditions of proactlon (10.1% and 12.1% and 12.9% losses)/ 
and they showed greatest losses In memory on new test problems under conditions of retro- 
active Interference (18.4% and 26.7% loss). But, the opposite picture emerged for the normal 
children. They showed no retention loss on old test problems with old Interfering problems 
under the conditions of proaction (- .4% loss). Normal children showed intermediate amounts 
of memory loss under conditions of retroactive interference (6.5% and 6.5% and 1 1 .5% losses) 
cod they demonstrated greatest amounts of retention loss of new test problems under conditions 
of proactive Interference (13.4% and 24.6% losses). This fourth order interaction was 
reliable (F = 6.72; df 1/32; p < .05). 
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DISCUSSION 

ln^erpre^a^ion of Resulfs 

Acquisition doto. - Retorded children learned more slowly than comporable mental oge 
normal children. In fact, the difference in ocquisitlon was already significant on the second 
discrimination trial o These results suggest o positive relationship between |Q and the rate of 
discrimination learning. Historically more studies than not seemed to support this finding 
(See review of literature by Zeaman and House, 1965), Historically even theories predicted 
such findings (Spitz, 1963), However, more recent data and theories have provided a basis 
for interpreting such findings not in learning terms but rather In terms of an attentlonol pro- 
cess. According to the Attention-Retention Theory (Fisher and Zeaman, 1973) IQ porameter 
controls children's attention. More specifically, differences between normals and retardates 
should occur in the lengths of original plateaus of non-learning rather than in the slopes of 
the rising portions of the learning curves. To demonstrate this, the acquisition data were 
reanalyzed, in terms of backward learning curves (Zeaman et.al., 1963) to obviate averaging 
errors, ond plotted In Figure lOo Notice thot nomnal children began to learn sooner than 
retarded children and the rates of learning were approximately the some for both IQ groups. 
Voila, the plots matched the expectations of the Attention-Retention Theory and confirm a 
positive relationship between IQ and the attention process. The higher the IQ the more 
likely a child is going to select the relevant dimensions of on assigned tosk and the more 
quickly he is going to begin learning that task. 

Developmentol Retention dato. - When compared to normal children, the retarded 
children showed only a trend in the direction of an overall memory deficit. Formerly, both 
doto and theory (Ellis, 1963) were published supporting a general retardate memory deficit. 
This deficit was believed to occur in retordate short-tenn ond long-term memory processes* 
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Figure 10 



Backward Learning Curves 
of Normal and Regarded Children 
(Data Averaged Over 3 Trials ond Plotted Backward 
From Group Median Trio! to Criterion) 
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A few yean later Belmont (1966) convincingly argued against retordate long-term memory 
deflcitt The results of this study support specific rather than general retardate vs^ normal 
children's memory differences^ and they lead to the Inference that short- and long-term 
memory processes interact differently for retarded and normal children • 

The first indication of memory differences between nr^rmal and retarded children came 
from the data plotted in Figure 4* As compared to normals, retarded children suffered con- 
siderable retention loss under conditions of retroactive interference* The Mult-Process (M-P) 
retention theory of Ellis (1970) and the Attention-Retention (A-R) Theory of Fisher and Zeaman 
(1973) explain retroaction by limited capacity and destructive read-in models of short term 
memory t Accordingly, retroactive Items replace previous test items in a limited capacity 
system. If retardates as compared to normals had a smaller capacity short term store, then 
they should have demonstrated greater retroaction and greater retention loss« They dld» 
Further evidence for this came from retroactive data plotted In Figure 6» As before, retar- 
dates showed greater retroactive Interference effects than did normal children. But, the 
opposite was true on new test problems and proactive Interference conditionso Here retar- 
dates showed less retention loss than normals* This inversion of retention loss probably 
occurred because the retardates had a more limited ability to rehearse multiple Items (McBane, 
1972). The M-P Theory of Ellis postulated poor rehearsal strategies of retardates to account 
for proactlon effects. The A-R Theory of Fisher and Zeaman assumed that retardates as com - 
pored to normals hove a smaller capacity rehearsal system. Hence, the fewer the Items which 
coh be rehearsed or the poorer rehearsal strategy, the less chance for proactive interference. 
As predicted, retprdates suffered less proactlon than normal children. 

Two additional sets of dota support retardate vs* normal differences In memory processes. 
In Figure 8 notice that retarded children, recalling after long retention intervals suffered 
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significant retroaction effects on new test problems, but showed no retroactive Interference 
effects on old test problems « In contrast, normal children suffered reliable proactive Inter- 
ference effect on new test problems but indicated no such interference effect on old test 
problems* Old test problems theoretically were stored In long term memory, while new test 
problems were stored in short term memory or In buffer storage. Hence, the retardates' long 
term memory store was not susceptible to retroaction and the normals' long term memory was 
immune to prooction. In contrast, retardates' short term memory suffered from retroaction 
because of their limited rehearsal strategies (M-P Theory) or their limited copaclty and destnjctive 
reacHn mechanism (A-R Theory), Normals short term memory suffered from proactton because 
of their better rehearsal strategy system (M-P Theory) or their larger capacity rehearsal system 
(A-R Theory), both of which increase the number of items availoble for interference to take 
Us toll. Looking back at Figure 8, notice that retarded children showed intermediate pro- 
action effects for old and new test items on long retention Intervals* These increasing pro- 
action effects with longer retention intervals corroborate Knight's (1968) data and can be 
hondled by Fisher and Zeaman's A-R theory. W/th mcreasmg retentfon fntervals the theory 
predicts long term store and rehearsal system interaction which would increase the number of 
items in active memory and therefore Increase the likelihood of interference* In oil its 
apparent complexity, Figure 9 illustrates additional differences between normal and retarded 
children's memory. Retarded children suffered no retroaction effects on items stored in long 
term memory (old test, old Interfering problems), they demonstrated intermediate omounts of 
retention loss with proactive Interference, and retardates suffered most from retroaction on 
Items handled by short term memory process (new test, new Interfering problems)* In contrast i 
normal children showed no prooction effects on items stored In long term memory, they demon- 
strated Intermediate amounts of retention loss with retroactively Interfering problems, and 
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normal children suffered most from proaction on Items handled by rehearsal system (new test/ 
old Interfering problems). 

Summarizing, both normal and retarded children showed minimal retention loss and Inter- 
ference effects on test Items stored In long term memory, Nomial children with their larger 
capacity rehearsal system showed most retention loss from proactive interference effects. 
Retarded children demonstrated most retention loss from retroaction and this probobly was 
due to their low capacity short term memory process. 

Related memory data, - First, the study clearly showed that longer retention intervals 
resulted in more retention loss. While this was already known to Ebbtnghous (1885) more 
recent evidence suggests that longer retention intervals increase the likelihood that Inter- 
ference will take Its toll on items processed or stored in memory (Knight, 1968; Stukuls, 
1968). 

Second/ the results clearly demonstrated that increased amounts of training on test Items 
facilitate their retention. While not surprising/ this finding supports data which showed that 
strong habits do not succumb to proactive or retroactive interference effects (StukuU/ 1968). 

Third and perhaps the most exciting outcome of the study came from data plotted in 
Figure 5. Note that poorly learned interfering problems ( new interference) produced small 
amounts of proaction and relatively large amounts of retroaction. In contrast/ well learned 
Interfering problems ( old interference) caused small amounts of retroaction but sizable amounts 
of proaction. These data strongly support multi process memory models^ The Attention-Reten- 
tion Theory of Fisher and Zeaman (1973) predicted this outcome. The A-R theory postulated 
thqt retroactive Interference effects are mostly derived from limited capacity/ destmctive 
read- Jn short term memory process* GId Items which reside in long term memory therefore 
should not produce retrooctiono They did not. But/ new retroactive Items should reploce 
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Items in limited capocity short term memory with resultant memory loss. They did* In 
additJon,the A-R theory postulated that proactive interference effects ore mostly derived 
from limited capacity rehearsal system* Accordingly, rehearsal of new proactive Items would 
be minimized with the arrival of test items in the limited copaclty system and therefore they 
should not produce much proactiono They did not. The opposite would be expected with old 
proactive items. More thoroughly rehearsed old proactive items would not be likely replaced 
by the arrival of test items in the rehearsal system and therefore they would be expected to 
produce prooction and cause retention lo$s. They did* 

Finolly/ as may be seen in Figure 7, most of the above mentioned interference effects 
occurred reliably only during long retention intervals. Such data supported findings of Knight 
(1968) and Stukuls (1968) and they were predicted by the Multiple-Process Theory of Ellis 
ond by the Attention-Retention Theory of Fisher and Zeaman. Both data and theories strongly 
indicote that it takes time for interference to take its toll on memory. 
jEducatlonal Implications 

The results of this and numerous other studies have Indicated thot normal children begin 
learning more quickly than retarded children* The retardates suffer from poor control over 
their attentional process. They seem relatively unable to select the reinforced dimensions 
and cues on learning tasks. This attentional deficit of retardotes may be overcome by initially 
choosing tasks tailored to their cue preferences (Campione and VVentworth, 1969) and their 
dimensional preferences (Brown/ 1970). Retardate attentional deficit may be overcome by 
teaching successive tasks within the some dimension or category (intro-dimensIonal fhift) ond 
by avoiding extra-dimensionol shift conditions (Comptone etv ol%i 1965). Another way to 
overcome the attentional deficit would be to make stimuli more salient (Shepp and Zeaman, 
1966) and more redundont (Zeoman and Denegre, 1967). Additionally, reducing the number 
of irrelevant task dimensions (Zeaman et. al. 1965) should reduce the attentional deficit 
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of retarded children and permit a more rapid onset of their learning • 

The results of this study also demonstrated a retardate short term memory deficit. Their 
short term memory appeared to hove limited capacity and !t was particularly susceptible to 
retroactive Interference effects* This and at least one more study suggest that these strong 
retroactive effects can be reduced through overtraining (Stukuls, 1968)4 

Finally, this study corroborated evidence that Interference effects occur mostly In 
short term memory and in the limited capacity rehearsal system of memory • These inter- 
ference effects became most obvious after Jong retention intervals* To reduce memory loss 
after long retention intervals the materia! from short term memory and rehearsal system of 
memory must be transferred to long term memory store* Repeated trials ond task overlearning 
should decrease proactive interference (Knight, 1968) and retroactive interference (Stukuls, 
1968)« Strong habits survive even long retention Intervals and they do so equally well for 
normol and retarded children* 
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Analysis of Varfance of M»3an Number of Trials to Criterion Learning on Interference Free 

Discrimination Learning Problems 
A ^ IQ Groups (retarded vs.normal children) 
B = Retention Interval Groups (short* term vs. long term) 



Source of Variation 


df 


MS 


F 


A 


1 


27 33 


8-70** 


B 


1 


9.64 


3.07 


A X B 


1 


7.45 


2.37 


Within 


32 


3.14 




**p < .01 








Ana\ysh of Variance of Percent Correct Responses 


on Second Trial of Interference Free 


Discrimination Learning Probtems 




A = lO Groups 








B = Retention Interval Groups 








SoOrce of Variation 


df 


MS 


F 


: A . . 


1 


.070 


4.38* 


B 


1 


.030 


1.88 


AB 


1 


.005 


<1 


Within 


32 


.016 





*p < .01 



Analysis of Variance of Retention Loss Scores 

A = Subjects (36) 0 = Kinds of Test Problems (old vs. new) 

6 = IQ groups (retarded vs. normal children) £ = Types of interfering Problems (old vs. new) 
C ~ Retention Intervals (seconds vs# hours) F = Sources of Interference (proactive vs. retroactive) 

The Table Includes Only Main Effects & Interactions 
With Significant Outcomes and Pooled Error Variances 

Source of Vorlation df MS F p 



A 

A 


o 
o 








B 


1 


217.01 


<1 




C 


1 


1 0829.01 


5.01 


<.05 


Error Term 


3z 


Zioy.DO 






D 


1 


17734.72 


94.19 


<.001 


Error Term 


32 


188.28 






E 


1 


0.35 


<1 




Error Term 


32 


294.40 






F 


1 


153.13 


<1 




Error Term 




287.02 






EX F 


1 


4917.02 


9.27 . 


<.01 


CXEXF 


1 


2278.13 


4.29 


<.05 


Error Term 


32 


530.51 






BXDX F 


1 


1422.22 


5.36 


<.05 


BXGXOXF 


1 


2005.56 


7.55 


<.01 


Error Term 


32 


265,54 






BXDXEXF 


1 


2112.50 


6.72 


<,05 


Error Term 




314.32 
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Sub-Analysis of Variance of Retention Loss Scores 

A « Subjects (18) D = Kinds of Test Problems (old vs. new) 

C = Retention Intervals (seconds vsi hours) E = Types of Interfering Problems (old vs# new) 

F = Sources of Interference (proactive vs« retroactive) 

The Table Includes Only Main Effects and Interoctlons 
With Significant Outcomes and Pooled Error Variances* 



Retardates 



irces of Variation 


df 


MS , 


F 


P 


A 


8 


2964.86 






C 


1 


5160.03 


1.61 


>.10 


Error Term 


16 


3209.16 






D 


1 


7802.78 


43.57 


< .01 


Error Term 


16 


179.08 






E 


1 


25.00 


< 1 




Error Term 


16 


369.62 






F 


1 


667.36 


3.25 


< .09 


Error Term 


16 


205.12 






E X F 


1 


3306.25 


5.16 


< .05 


Error Term 


16 


642.19 






DXEX F 


1 


1284.03 


6.18 


<.05 


Error Term 




207.64 







Normals 



A 


8 


697.23 






C 


1 


5675.11 


5.11 


< .05 


Error Term 


16 


1109.93 






D 


1 


10000.00 


50.64 


< .01 


Error Term 


16 


197.48 






E 


1 


17.36 


< 1 




Error Term 


16 


219.20 






F 


1 


69.44 


<1 




Error Term 


16 


368.90 






E X F 


1 


1736.11 


4.15 


< .07 


CXEX F 




1406.25 


3.36 


<.09 


Error Term 


16 


418.84 







